Biphasic effect of cAMP-elevating agents on ICAM-1 expression stimulated by retinoic acid and interferon gamma.
Incubation of the human glioma cell line HS 683 in the presence of IFN-gamma or retinoic acid strongly stimulates the cell-surface expression of the intercellular adhesion molecule ICAM-1. We have investigated the role of the cAMP-mediated signal transduction pathway in this process and report that pharmacological agents which increased the intracellular levels of cAMP exhibited a biphasic action on ICAM-1 expression in human glioma cell line HS 683. Treatment for 1 hr with 25 microM forskolin or 1 mM isobutylmethylxanthine, or for 12 hr with 100 ng/ml pertussis toxin or 50 micrograms/ml cholera toxin transiently stimulated ICAM-1 expression with a maximal level of expression 8 hr post treatment, after which time ICAM-1 expression returned to the basal level. On the other hand, such pretreatments inhibited the inducing effects of either retinoic acid or IFN-gamma. Indeed, 24 hr after treatment with cAMP-elevating agents, both the retinoic-acid- and the IFN-gamma-induced ICAM-1 expression were inhibited by 60 to 80%, with a maximal 90 to 100% inhibition 72 hr post treatment. This inhibition of the cell-surface expression of ICAM-1 was confirmed at the mRNA level. The intracytoplasmic levels of cAMP were also quantified following treatments with forskolin, retinoic acid or IFN-gamma. In response to forskolin, cAMP levels increased 30-fold within 5 min, whereas a 10-fold increase occurred 60 min following treatment with 10 microM retinoic acid. Interferon gamma, in contrast, did not induce cAMP accumulation. These results were also correlated with an in vitro activation of adenylyl cyclase activity by retinoic acid and inhibition of this activity by IFN-gamma, in a dose-dependent and a GTP-dependent manner. Our results suggest that the suppression of IFN-gamma-induced ICAM-1 expression, obtained upon pre-treatment with cAMP-elevating agents, is due to direct antagonism with IFN-gamma action on adenylyl cyclase. However, the inhibition of retinoic-acid-induced ICAM-1 expression cannot be explained by the same mechanisms. The timing of adenylyl cyclase stimulation and cAMP accumulation, as well as the levels of cAMP accumulation, are probably involved in this inhibition. Our results also emphasize the fact that the induction of ICAM-1 expression is a multi-step process implicating different transductional signals among which cAMP might be involved as a second messenger.